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an important determinant of land prices, and hence urban spatial structure. While there is ample
evidence on the cross-sectional relationship between location and land value (usually measured
from the value of improved property), there is much less evidence available on the changes in
this relationship over time, especially where location is represented using a disaggregate mea-
sure of urban accessibility. This paper provides evidence of this dynamic relationship using
data on home sales in the Minneapolis-St. Paul (MN) metropolitan area, coupled with disag-
gregate measures of urban accessibility for multiple modes, for the period from 2000 to 2005.
Our investigation seeks to track the effects of marginal changes in accessibility over time, as
opposed to static, cross-sectional relationships, by using an unconventional approach in which
the unit of observation is a “representative house” for each transportation analysis zone in the
region. This approach allows us to control for changes in structural attributes of houses over
time, while also isolating the effect of changes in accessibility levels. Results of this approach
are compared to a cross-sectional model using the same variables for a single year to illustrate
important differences. These differences are discussed in terms of their implications for prac-
titioners and for further investigations of the relationship between transportation, location and
land value.
2Introduction
While much is known about the relationship between transportation networks, accessibility and
land values, most of the accumulated evidence to date has been drawn from cross-sectional or
pooled cross-section/time series analyses that represent the relationship between location and land
value at a single point in time. Typically the unit of analysis is property transactions within an
urban area or some subset of it. While this approach may provide an estimate of the relationship
between location and land value across locations within an urban area at some point in time, the
estimate is often heavily inﬂuenced by observations located in areas that are already developed and
may already have relatively high levels of accessibility. The estimated relationship is typically as-
sumed to be linear or perhaps linear in the logarithms of the variables, and thus predicts a relatively
stable relationship across space (and time, if that dimension is included). The implicit assump-
tion is that new projects that result in accessibility changes will have impacts on land values that
roughly follow these previously estimated relationships. These models may not be as useful for
predicting the impacts of large and/or abrupt changes in accessibility resulting from major trans-
portation improvements in locations that do not already enjoy high accessibility. Likewise, they
may overpredict the impacts of projects in established locations, where transportation networks are
relatively complete and patterns of accessibility are unlikely to change greatly.
This paper examines the dynamic relationship between accessibility and land value over time,
and asks whether changes in levels of accessibility over time and across locations can predict
changes in land value (measured here using house prices) with the same consistency that most
cross-sectional analyses do. To do so, we use property sales data from the Minneapolis-St. Paul
region for the years 2000 and 2005, along with disaggregate measures of accessibility to jobs for
multiple modes, to estimate models which predict changes in prices over time in a particular lo-
cation. Our method, which we term a “representative house” approach, uses the transportation
analysis zone (TAZ) as a unit of analysis, rather than individual housing units. It attempts to com-
bine the use of statistical controls for important structural attributes of a property that are common
in hedonic price function studies with the ability to observe changes in prices at a particular location
over time, thus giving estimates of the impact of marginal changes in accessibility. This method
will be discussed more fully later in the paper.
The paper is structured as follows. The next section provides a short overview of the history of
empirical approaches to the study of location and land value. The following section introduces our
empirical approach and the data sets used in the analysis. Then, results are presented and compared
for models that use static, cross-sectional and ﬁrst differences speciﬁcations. The comparison of
these models is then used to inform a discussion of the practical and methodological issues as-
sociated with studies of location, accessibility and land values. The paper concludes with some
prospective ideas about improving our understanding of this relationship.
Literature Review
Urban researchers have long recognized the relationship between location and land value. During
the 1960s, urban economists began to develop formal theoretical frameworks which predicted land
value as a function of location relative to a single central business district [1, 21]. These mono-
centric models gained widespread acceptability due to their ability to both analytically describe
3the tradeoffs between location and housing or land consumption and also to offer a framework for
empirically investigating elements of the theory [22].
Variations on the theme of the monocentric model became standard for the next couple of
decadesintermsofempiricalapplications. Awidevarietyofstudieswereabletoreplicateevidence
of a rent gradient that declined with distance from the CBDs of cities in many developed countries.
However, many analysts noted the increasingly polycentric nature of urban areas, especially in the
United States, where decentralization of both households and employment occurred most rapidly.
The development of urban subcenters provided a challenge to the monocentric model [10, 17, 26,
24] and necessitated modiﬁcations to empirical speciﬁcations of models predicting land prices,
often involving incorporation of additional variables measuring distances to multiple employment
centers [13, 25, 18, 29].
Representation of urban space at more disaggregate levels has been more common in ﬁelds such
as geography, urban planning and transportation engineering, where the need to develop practical
models (with fewer theoretical constraints) for forecasting urban trafﬁc ﬂows led naturally to the
use of disaggregate data sets containing data on the location of households and urban activities
at a small level of geography. These data lent themselves easily to development of measures of
accessibility, tying together the characteristics of transportation networks with the locations of the
activities they serve [12, 28], and providing a superior measure of location in increasingly decen-
tralized urban areas.
Evidence of the use of disaggregate measures of urban accessibility can be found in some older
empirical studies of the determinants of the value of urban land and housing. Brigham [4] used a
measure of “accessibility potential” to employment in a study of land values in Los Angeles which
closely resembles the zone-based measures of accessibility associated with gravity-type models
of spatial interaction. Another study by Nelson [23] recognized the importance of more ﬂexible
measures of accessibility, testing six of them, including a cumulative opportunity-type measure of
employment, in hedonic price regressions for residential properties in Washington, D.C. The results
of the regressions, ﬁt to 1970 data, were used to infer the value of time spent in commuting. For
the most part however, studies of the value of location which employ disaggregate accessibility
measures have been a more recent phenomenon. Examples, drawn mostly from the transportation
and urban planning literature, include Kockelman [14], Srour et al. [27], Franklin and Waddell [6],
Mathur [16], and Martinez and Viegas [15].
Another aspect of studies of the value of urban location that is comparatively underrepresented
is the evaluation of changes in land prices in response to changes in the relative accessibility of
a location over time. Some studies have used historical data over relatively long time periods to
examine changes in the urban rent gradient [5, 19, 3, 30]. However, most these studies employ
some form of the monocentric model as a strategy to deal with limited data, and thus are restricted
to a relatively simple treatment of space. The ﬁtted models also tend to take the form of repeated
cross-sectional estimates at different points in time. The present paper offers evidence based on
observed changes in both urban accessibility and house prices in order to estimate the response of
location premia to changes in urban structure over time.
4Methodology
Ideally, one would like to be able to observe the same housing unit in the same location over time,
holding housing attributes constant and thus restricting the sources of change in the attractiveness
of a house to external effects such as changes in its relative accessibility within an urban area.
Repeat sales methods represent one option for doing this and have in fact been used in a couple
of instances to estimate the impacts of new transportation projects [8, 2]. In the current context
however, they would be difﬁcult to implement. The need to disaggregate space into something
that can be measured as a continuous rather than discrete variable (using zone-level accessibility),
and the limited temporal availability of our accessibility data, imply that a method must be chosen
which is capable of using all available data on sales at given points in time.
We refer to our method as the “representative house” approach. The representative house is
essentially a statistical construct that captures the features of all houses sold within a particular
location, in this case a TAZ, at some point time. Due to the strong possibility that house prices and
several salient housing and property attributes may be non-normally distributed, we use median
values to capture the features of the representative house in each zone at each point in time. Thus,
any observed changes in the median sale price of the representative house in a particular zone over
some period of time are assumed to be a function of changes in the attributes of the representative
house (e.g. age, square footage, lot size) along with changes in its accessibility, measured here as
accessibility to jobs within a speciﬁed time threshold. While the authors are unaware of any other
studies that have used the exact same approach to study this topic, a similar type of method was
used by McMillen [20] to decompose changes in the house price distribution over time into changes
in structural characteristics, neighborhood factors, and changes in coefﬁcient values using quantile
regression.
The empirical model that is used to operationalize the relationship between changes in accessi-
bility and house prices is speciﬁed in ﬁrst difference form, such that the dependent and independent
variables measure changes in the value of these variables between 2000 and 2005. Formally, the
model may be written as:
Pi = 1AGEi + 2SQFTi + 3LOTSIZEi + 4ACCESSi + ei (1)
where Pi represents the change in the median sale price for houses in zone i between 2000
and 2005, AGEi is the change in the median age of houses that sold in zone i between 2000 and
2005, SQFTi is the change in the median square footage of houses that sold in zone i between
2005 and 2005, ACCESSi denotes the change in accessibility to jobs in zone i between 2000
and 2005, 1 through 4 are parameters to be estimated, and ei is a disturbance term with zero
mean and constant variance. Accessibility in this study is measured in terms of jobs accessible
within 20 minutes. The basic speciﬁcation will consider only accessibility by auto, though access
by other modes will be tested as well.
Data
In order to estimate the models just described, it is necessary to have data on both regional accessi-
bility and home sales at two points in time, at a minimum. The accessibility data used in this study
are available in ﬁve-year increments between 1995 and 2005. We use the years 2000 and 2005 to
5Table 1: Availability of housing attribute data for records from core 7 counties
County Square Footage Lot Size Age
Anoka Yes Yes Yes
Carver Yes Yes Yes
Dakota Yes Yes Yes
Hennepin No Yes Yes
Ramsey Yes No Yes
Scott No No No
Washington Yes Yes Yes
illustrate our method, due to the limited availability of home sales data in an appropriate, digital
format for several years prior to 2000. Construction of the sample of home sales data required the
use of three different data sources to ensure a high enough degree of completeness for the analysis
that follows. These three sources were:
 Home sales data from the Minnesota Department of Revenue for the years 2000 and 2005
 Parcel-level property records assembled by the Metropolitan Council of the Twin Cities using
data reported from the seven counties over which it has jurisdiction
 Home sales data from the Multiple Listing Service (MLS), a local real estate data manage-
ment ﬁrm, for the years 2001 and 2004
The home sales data from the Department of Revenue form the backbone of the data set used for
theanalysis. Sincethesedataarenotinherentlyspatial, theyneededtobejoinedtotheMetropolitan
Council’s parcel ﬁles. Doing so accomplished two important objectives. First, they permitted the
home sales data to be mapped and spatially linked to the accessibility data, which were available
at Census block and transportation analysis zone (TAZ) levels. Secondly, the parcel ﬁles were an
important source of data on housing and parcel attributes which serve as statistical controls for the
models that relate accessibility to house prices.
One major weakness of the parcel ﬁles is that they are reported by individual counties, which
tend to vary considerably in terms of the attribute information they report. Our empirical analysis of
zone-level prices and price changes includes three major housing and parcel attributes as controls:
lot (parcel) size, house square footage, and age of house. The availability of these three attributes
across the core seven counties of the region is listed in Table 1.
Since the three attributes of interest were not universally available, some adjustments had to
be made to provide a relatively complete data set. The core seven counties of the region listed in
Table 1 account for about 2.8 million people spread across 1,200 TAZs. Ideally, all 1,200 TAZs
would be used as the basis for the empirical analysis of accessibility change. As a practical matter,
two counties were removed from the analysis. As indicated in Table 1, Scott County contained
none of the attributes needed for the analysis. Given its relatively small population size, it was
summarily dropped from the analysis. Washington County, on the eastern edge of the region, was
also removed from consideration. Despite the completeness of the attribute data for this county,
the home sales data from the Department of Revenue could not be matched to the parcel ﬁles, and
so could not be displayed spatially. For the remaining counties, where instances of missing data
6arose, the attributes were retrieved from MLS sales data for these counties during the years 2001
and 2004, these being the years that most closely matched the time period used in our study (2000
and 2005). In the case of Hennepin County, the region’s most populous county, data on median
square footage of houses sold during 2001 and 2004 were used to substitute for the corresponding
missing records in the parcel ﬁles for this county in 2000 and 2005.
Considering that two of the seven counties were removed from the analysis, the ﬁnal number
of TAZs which could be used as observations was signiﬁcantly smaller than the original 1,200.
Another factor which reduced the ﬁnal number of TAZs that could be analyzed was the require-
ment that a TAZ had to have a valid sale in each of the two years in order to be considered. The
ﬁnal number of TAZs that met these criteria and were deemed suitable for further analysis was
860. Among the ﬁve counties for which home sales were included, there were over 34,000 sales
transactions in 2000 and over 41,000 in 2005.
Each of the sales transactions were joined to regional accessibility data for their respective
years. Access via three separate modes (walking, cycling and car) was considered. The primary
focus was on access to employment, since this measure was the most consistently available across
the different modes during both years. A measure of access to workers by car was also included,
along with access to employment within different travel time thresholds to examine the sensitivity
of the valuation of access to the demarcation of different travel sheds.
Analysis
A central hypothesis of this study is that the marginal impact of changes in accessibility over time
will differ from those obtained using a cross-sectional sample. To facilitate the comparison, we
present the results of our representative house model using both cross-sectional data from 2000 and
data in ﬁrst difference form reﬂecting changes in prices, housing attributes, and accessibility over
time. Table 2 presents a list of the variables included in the analysis, along with their descriptions.
As Table 2 describes, the variables considered for the analysis include basic housing and prop-
erty attributes, along with several accessibility variables covering different modes and travel sheds.
These variables were chosen because they can be measured on a continuous scale, can vary over
time, and, taken together, represent some of the most important determinants of house prices. De-
scriptive statistics for both the cross-section variables and the differenced variables measuring 5-
year changes are listed in Table 3.
Cross-Sectional Analysis
As a point of comparison, and to demonstrate the validity of the representative house approach,
we ﬁrst estimate the model using cross-sectional data from 2000. The basic speciﬁcation includes
the attribute variables representing the median age, square footage, and lot size of houses selling
in each TAZ during the year 2000, along with a measure of employment accessible by car within a
20-minute travel time threshold. This model is labeled “Model 1” in Table 4 below.
EachofotherﬁvemodelssummarizedinTable4representsavariationonthebasicspeciﬁcation
of Model 1. For example, Model 2 contains the same set of independent variables as Model 1 but
uses a log-linear, as opposed to linear, form. This change improves the model’s ﬁt slightly and
improves the efﬁciency of some of the parameter estimates, as indicated by the larger t-statistics
7Table 2: Variable names and descriptions
Variable Description
LotSize Median acreage of land parcels for houses sold in zone i, year 2000
SqFt Median square footage of houses sold in zone i, year 2000
Age Median age of houses sold in zone i, year 2000
SalePrice Median sale price of houses sold in TAZ i, year 2000
lnSalePrice natural logarithm of median sale price of house in TAZ i, year 2000
L20Lab Access to workers within 20 minutes by car from zone i, year 2000
L20Emp Access to jobs within 20 minutes by car from zone i, year 2000
L40Emp Access to jobs within 40 minutes by car from zone i, year 2000
L60Emp Access to jobs within 60 minutes by car from zone i, year 2000
Transit20 Access to jobs within 20 minutes by public transit from zone i, year 2000
Ped20 Pedestrian access to jobs within 20 minutes from zone i, year 2000
DLotSize Change in median acreage of land parcels for houses sold in zone i, 2000-2005
DSqFt Change in median square footage of houses sold in zone i, 2000-2005
DAge Change in median age of houses sold in zone i, 2000-2005
DSalePrice Change in median sale price of houses in zone i, 2000-2005
DLAcc20 Change in access to workers by car within 20 minutes from zone i, 2000-2005
DEAcc20 Change in access to employment by car within 20 minutes from zone i, 2000-2005
DEAcc40 Change in access to employment by car within 40 minutes from zone i, 2000-2005
DEAcc60 Change in access to employment by car within 60 minutes from zone i, 2000-2005
DTransit20 Change in access to employment by public transit within 20 minutes, 2000-2005
DPed20 Change in pedestrian access to employment within 20 minutes, 2005-2005
for each of the variables. Model 3 adds a measure of access to workers (labor accessibility) from
each zone to the basic speciﬁcation. Model 4 adds measures of employment access by public transit
and walking to the initial measure of access by car. Models 5 and 6 substitute measures of access to
employment by car within 40-minute and 60-minute thresholds for the basic 20-minute threshold
used in Model 1.
TheresultsreportedinTable4indicatethatevenwitharelativelylimitedspeciﬁcation, themod-
els account for more than 60 percent of the variance in median sale prices across zones. Moreover,
the ﬁt of the model does not vary greatly across different speciﬁcations.
Given that the functional form of Model 1 is linear, we can interpret the coefﬁcient on the em-
ployment accessibility variable as indicating that, all else constant, each additional job available
within a 20-minute drive is associated with a $0.02 increase in the sale price of a house. Interest-
ingly, the magnitude of this coefﬁcient (though not the sign) increases dramatically when a labor
accessibility variable is added to the model. The coefﬁcient on the labor access variable has the
expected sign (negative), and its magnitude is even larger than that of the employment access vari-
able. Of note however, the employment and labor access variables in Model 3 are highly correlated.
Hence, their coefﬁcients should be interpreted with some caution.
In Model 4, variables measuring employment access by walking and public transit are included,
along with the standard employment access by car variable. The coefﬁcients on the transit and
walking access variables have opposing signs, and both have rather large magnitudes relative to the
variable measuring access to employment by car. Again, it should be noted that both the walking
and transit access variables are fairly strongly correlated with the car access variable (r = 0.40
8Table 3: Descriptive statistics for home sales and accessibility data
Cross-sectional variables
Variable Mean S.D. Min Max
LotSize 0.457 1.469 0 30.81
SqFt 1,655 575 0 5,250
Age 37.579 25.868 0 121
SalePrice 181,575 88,729 64,002 820,000
lnSalePrice 12.029 0.375 11.067 13.617
L20Lab 310,019 166,817 1,579 701,464
L20Emp 441,079 293,039 806 1,090,442
L40Emp 1,286,362 380,698 31,956 1,564,939
L60Emp 1,554,338 140,547 340,078 1,604,231
Transit20 23,457 45,547 0 292,900
Ped20 4,033 10,072 0 148,620
Differenced variables
Variable Mean S.D. Min Max
DLotSize 0.001 1.617 -28.995 25.150
DSqFt 8.832 385.776 -2,213 2,426
DAge 1.232 14.135 -109 87
DSalePrice 75,018 75,264 -376,200 612,500
DLAcc20 -16,426 22,141 -90,844 54,493
DEAcc20 -18,354 27,731 -146,206 141,794
DEAcc40 -42,126 29,067 -226,431 170,701
DEAcc60 -48,148 13,645 -118,293 144,159
DTransit20 10,132 44,398 -162,940 291,711
DPed20 -10 3,328 -26,918 40,883
N = 860
9Table 4: Hedonic price models ﬁtted to cross-sectional data
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
LotSize 3719.202 0.021 2181.131 3791.361 2854.934 3114.171
(2.81) (3.83) (1.69) (2.86) (2.06) (2.28)
SqFt 120.692 0.0005 114.264 120.611 121.271 120.932
(35.21) (35.52) (33.65) (34.63) (34.75) (34.72)
Age -17.312 -0.002 -176.317 38.363 143.024 124.744
(-0.18) (-4.62) (-1.90) (0.40) (1.71) (1.60)
L20Emp 0.021 1.52e-07 0.253 0.025











Constant -28639.13 11.196 13428.12 -30600.89 -21876.58 -25653.81
(-3.87) (369.66) (1.52) (-4.11) (-2.41) (-1.15)
N = 860
Adjusted R2 .613 .637 .641 .615 .610 .610
Notes:
1) Dependent variable is SalePrice for all models except Model 2, for which the dependent
variable is lnSalePrice
2) T-statistics for each variable are listed in parentheses under the estimated coefﬁcients
10and 0.57, respectively), as well as with each other, making it difﬁcult to determine the unique
contribution of each of the modal access variables to house prices.
Models 5 and 6 illustrate the effects of using larger travel time thresholds, 40 and 60 minutes
rather than 20, in the measurement of employment accessibility by car. At these higher thresholds
the marginal effect of an additional job is smaller, and statistically insigniﬁcant in both cases. This
smaller effect may be due to the fact that one can typically reach a considerably larger number of
jobs within 40 or 60 minutes than in 20, as can be conﬁrmed by looking at Table 3. It may be true
that the extra jobs that are available at these greater distances are not as highly valued by consumers
searching among competing locations. This is corroborated by recent (2005-2009) commuting data
for the Minneapolis-St. Paul region from the American Community Survey (ACS), which suggest
that commutes of these durations are fairly rare within the region. Only 13.6 percent of workers
who did not work at home reported having commutes longer than 45 minutes. The corresponding
ﬁgure for commutes exceeding 60 minutes was 5.7 percent.
Analysis of Price Changes
The representative house models ﬁtted to cross-sectional data seem to predict house prices by loca-
tion fairly well, even with relatively few explanatory variables. We now test the ability of the same
modeling approach to predict changes in the median sale price of houses by zone between 2000
and 2005. All of the variables used in this part of the analysis are the differenced variables referred
to in the lower halves of Tables 2 and 3. Unlike the second model in the cross-sectional analysis, all
of the models in this part of the analysis will use a linear speciﬁcation. This is primarily due to the
limitation of using differenced variables. Since a log-linear model would imply a logged depen-
dent variable, it would be impossible to deﬁne this variable in cases where the median sale price of
houses in any zone declined between 2005 and 2005 as this would require taking the logarithm of
a negative number.
The remaining ﬁve speciﬁcations from the cross-sectional analysis are repeated using the dif-
ferenced variables, with the model results reported in Table 5.
The ﬁrst thing to note when looking at the results of these models is that their overall ﬁt is
signiﬁcantly poorer relative to those ﬁt to the cross-sectional data. Whereas the cross-sectional,
zone-level models all produced adjusted R2 values of over 0.6, the corresponding values for differ-
enced models are all below 0.35.
Secondly, the coefﬁcient values on the employment access variables are slightly higher than
those produced by the cross-sectional models, but nearly all of them are statistically insigniﬁcant
at any reasonable threshold of signiﬁcance. Models 4 and 5 report higher coefﬁcient values for
the 40 and 60-minute employment access (by car) variables, with the latter approaching a marginal
level of signiﬁcance. These results contrast with the estimates from the cross-sectional models,
where the employment access variables with higher travel time thresholds produced coefﬁcients
with smaller values and no statistical signiﬁcance.
Third, the results from Model 3, which includes the walking and public transit employment
access variables, indicate that none of the modal employment access variables are statistically sig-
niﬁcant. While all three coefﬁcients carry a positive sign, the associated t-values are all well below
a value of one. This is notable since, unlike the cross-sectional accessibility variables, the variables
measuring accessibility change by mode are largely uncorrelated with one another and hence less
susceptible to problems of collinearity.
11Table 5: Hedonic price models ﬁtted to differenced, zone-level data (2000-2005)
Variable Model 1 Model 2 Model 3 Model 4 Model 5
DLotSize 1576.342 1682.054 1571.903 1655.996 1766.821
(1.22) (1.31) (1.21) (1.28) (1.36)
DSqFt 114.898 115.298 114.929 114.485 114.981
(21.05) (21.21) (21.03) (20.93) (21.14)
DAge -30.968 -34.603 -30.469 -23.802 -11.100
(-0.21) (-0.23) (-0.20) (-0.16) (-0.07)












Constant 74854.02 77122.21 74784.55 77524.80 87417.44
(29.82) (29.43) (29.45) (11.42)
N = 860
Adjusted R2 .343 .349 .342 .344 .346
Notes:
1) Dependent variable for all models is DSalePrice
2) T-statistics for each variable are listed in parentheses under the estimated coefﬁcients
12Fourth, the inclusion of a labor accessibility variable (in Model 2) again has a signiﬁcant effect
on the stability of the coefﬁcient for the employment accessibility variable. As Table 5 indicates,
the inclusion of the labor accessibility variable causes both it and the employment accessibility
variable to have the opposite sign from what was expected. Again, the correlation between these
two variables (r = 0.72), even when in differenced form, seems to bias the coefﬁcient estimates.
To summarize, the models predicting changes in house prices as a function of changes in hous-
ing attributes and levels of accessibility produce a much poorer ﬁt than the models ﬁt to cross-
sectional data. None of the accessibility change variables, regardless of mode, were able to con-
sistently predict changes in house prices. In the next section, we consider what might account for
the differences in results across models, and what implications may arise for the conceptual un-
derstanding and measurement of the relationship between accessibility, urban structure, and land
value.
Discussion
The previous section presented the results of analyses of house prices and price changes over time.
The differences were stark in terms of model ﬁt and the statistical signiﬁcance of the variables
representing regional accessibility. One possible interpretation of these results is that the models
measuring changes in accessibility and house prices over time are more accurately describing the
marginal effect of accessibility improvements, and that this effect is indeed too small to be statisti-
cally detectable. Why might this conclusion be possible?
The analyses of cross-sectional and differenced data presented here are illustrative of the types
of problems associated with the measurement of the relationship between transportation networks
and urban structure. Over time, urban structure is inﬂuenced by the sequential deployment of
transportation networks representing various modes and technologies. A common process of de-
velopment in many American cities is for parts of the city to reﬂect an urban structure inﬂuenced
by the dominant transportation technology of the time, from walking to some form of ﬁxed-route
urban transit, and eventually to the automobile. But while new modes supplant older, inferior ones,
the parts of the city that developed around earlier technologies tend to retain much of their earlier
form. The building stock within cities is among the most durable of its features, and so in the older
parts of many cities urban structure tends to change relatively little, even over long periods of time.
This durability, or “vintage effect” helps to explain how even in contemporary urban regions it is
possible to ﬁnd some empirical support for patterns of land rent associated with earlier theories of
urban structure, such as the monocentric city [7].
This effect will also be present when using more disaggregate (zone-based) measures of acces-
sibility, since central business districts (CBDs) and other, more centrally-located neighborhoods in
most cities tend to retain large concentrations of activities (i.e. employment), and hence have higher
levels of accessibility and land value. The ﬁxity of the building stock and the absence of vacant,
developable land in these locations suggests that their overall levels of accessibility are likely to
change little, even over signiﬁcant periods of time. Thus, the relationship between their level of re-
gional accessibility and land prices, all else constant, should be stable over time. Centrally-located
neighborhoods, and especially CBDs, also beneﬁt from the tendency of newer transportation net-
works to provide superior levels of service to central locations within regions. Even highway net-
works, which are often cited as decentralizing forces within regions, tend to have hub-and-spoke
13route structures that provide the highest levels of accessibility to centrally-located areas.
One can think of the deployment of transportation networks within cities as an incremental pro-
cess, described by the shape of an “S-curve” or logistic growth curve. This growth curve should ac-
curately characterize the periods of birth, growth and maturity of a transportation network. Within
many American cities, as with cities in other developed countries, most transportation networks are
at a stage of maturity. The implication is that marginal changes to the network are likely to have at
most minor impacts on patterns of accessibility.
If such a relationship does in fact exist, then there are some rather important implications one
can draw regarding the appropriate functional form to use in empirical models relating accessibility
to land value. Most such empirical studies tend to use model speciﬁcations that suggest a relation-
ship between accessibility and land value that is either linear or linear in the logarithms of the two
variables. While these speciﬁcations often yield results that are acceptable in a broad statistical
sense, they seem to fail to capture the effect of diminishing marginal returns that is inherent in
transportation network deployment. A model speciﬁcation that uses a logarithmic transformation
of only the dependent variable may be better able to represent this relationship. Our analysis of the
cross-sectional relationship between accessibility and house prices provides some support for this
contention.
In addition to the matter of estimating the marginal effects of accessibility improvements, our
analysis also raised the issue of whether or not there are residual inﬂuences of public transit and
pedestrian accessibility on land prices after controlling for access by auto. We have seen few
previous studies that have attempted such an analysis. Indeed, the correlation between measures of
accessibility by different modes makes such analysis difﬁcult, but our use of differenced variables
in the analysis of price changes was able to reduce this source of collinearity to the point where a
relatively clean model could be speciﬁed and estimated. The results indicated that after controlling
for changes in accessibility by auto, changes in public transit and pedestrian accessibility did not
register any statistically signiﬁcant impacts on home prices.
Conclusion
Despite the large amount of attention afforded to studies of the relationship between location and
land value, there is still remarkably little evidence on how this relationship evolves over time and
space. This paper has sought to provide a point of reference, including a replicable methodology,
for investigating the dynamics of this relationship further. We hope that the results and discussion
presented here will provoke a critical re-examination of how researchers go about measuring rela-
tionships between urban structure, location, and land value, and in turn how those ﬁndings might
be used by practitioners to anticipate the impacts of network improvements.
The “representative house” approach presented here and the limitations of the data sets used
to calibrate it suggest some areas for possible improvement if and when this approach is repli-
cated. For instance, one may question whether a ﬁve-year period is a long enough slice of time to
observe meaningful changes in the components of accessibility, namely the structure of transporta-
tion networks and the spatial distribution of activities. Efforts to collect and archive data on these
components in future years (especially regional accessibility) may greatly improve the ability to
test this relationship over longer periods of time. Our analysis also indicated that models predicting
changes over time, as reﬂected in the differenced speciﬁcation, yielded a poorer overall statistical
14ﬁt. The reasons for this may be many, but one distinct possibility is that the relationship between
accessibility changes and price changes contains a lag of one or more years, as development pat-
terns respond to new patterns of access. Testing for different adjustment periods may yield more
insights into this process.
One other direction in which we suggest expanding this research is the disaggregation of urban
areasintosmallerstudyunitsinordertobetterestimatethemarginaleffectsofaccessibilitychanges
and to reduce one source of heterogeneity in empirical models. The simplest type of disaggregation
might be to divide the sample of regional house sales into central city and suburban submarkets.
While housing markets are commonly referenced as one of the elements that unify cities as an
economic unit, urban economists have keenly observed that there may be important differences in
the behavior of housing submarkets within the same urban area [9]. One recent study by Habib
and Miller [11] explores the use of market segmentation with a model that simultaneously accounts
for spatial and temporal sources of heterogeneity in house prices using clustering techniques to
deﬁne different neighborhoods. Combining this type of approach with a more reﬁned, disaggregate
representation of location and accessibility would be a good starting point for providing a more
detailed understanding of the dynamic relationship between location and land value.
15References
[1] Alonso, W. (1964). Location and Land Use: Toward a General Theory of Land Rent. Harvard
University Press.
[2] Archer, W., D. Gatzlaff, and D. Ling (1996). Measuring the importance of location in house
price appreciation. Journal of Urban Economics 40(3), 334–353.
[3] Atack, J. and R. Margo (1998). ¸ SLocation, Location, Location!ˇ T The Price Gradient for Vacant
Urban Land: New York, 1835 to 1900. Journal of Real Estate Finance and Economics 16(2),
151–172.
[4] Brigham, E. F. (1965). The determinants of residential land values. Land Economics 41,
325–334.
[5] Edel, M. and E. Sclar (1975). The distribution of real estate value changes: Metropolitan
Boston, 1870-1970. Journal of Urban Economics 2, 366–387.
[6] Franklin, J. P. and P. Waddell (2003, January). “a hedonic regression of home prices in King
County, Washington using activity-speciﬁc accessibility measures”. Paper presented at the 82nd
Annual Meeting of the Transportation Research Board, January 11-15, Washington, D.C.
[7] Frew, J. and G. D. Jud (2003). Estimating the value of apartment buildings. Journal of Real
Estate Research 25(1), 77–86.
[8] Gatzlaff, D. H. and M. T. Smith (1993). The impact of the Miami Metrorail on the value of
residences near station locations. Land Economics 69(1), 54–66.
[9] Goodman, A. C. and T. G. Thibodeau (2007). The spatial proximity of metropolitan area
housing submarkets. Real Estate Economics 35(2), 209–232.
[10] Gordon, P., H. Richardson, and H. Wong (1986). The distribution of population and em-
ployment in a polycentric city: the case of Los Angeles. Environment and Planning A 18(2),
161–173.
[11] Habib, M. A. and E. J. Miller (2008). Inﬂuence of transportation access and market dynamics
on property values: multilevel spatiotemporal models of housing price. Transportation Research
Record: Journal of the Transportation Research Board 2076, 183–191.
[12] Hansen, W. (1959). How accessibility shapes land use. Journal of the American Institute of
Planners 25(2), 73–76.
[13] Heikkila, E., P. Gordon, J. Kim, R. Peiser, H. Richardson, and D. Dale-Johnson (1989). What
happened to the CBD-distance gradient? Land values in a policentric city. Environment and
Planning A 21, 221–232.
[14] Kockelman, K. (1997). Effects of location elements on housing purchase prices and rents in
San Francisco Bay Area. Transportation Research Record 1606, 40–50.
16[15] Martinez, L. M. and J. M. Viegas (2009). Effects of transportation accessibility on residential
property values: hedonic price model in the Lisbon, Portugal metropolitan area. Transportation
Research Record: Journal of the Transportation Research Board 2115, 127–137.
[16] Mathur, S. (2008, March). Impact of transportation and other jurisdictional-level infrastruc-
ture and services on housing prices. ASCE Journal of Urban Planning and Development 134(1),
32–41.
[17] McDonald, J.F.(1987). Theidentiﬁcationofurbanemploymentsubcenters. JournalofUrban
Economics 21, 242–258.
[18] McDonald, J. F. and D. P. McMillen (1990). Employment subcenters and land values in a
polycentric urban area: the case of Chicago. Environment and Planning A 22(12), 1561–1574.
[19] McMillen, D. (1996). One Hundred Fifty Years of Land Values in Chicago: A Nonparametric
Approach. Journal of Urban Economics 40(1), 100–124.
[20] McMillen, D. P. (2008). Changes in the distribution of house prices over time: structural
characteristics, neighborhood, or coefﬁcients. Journal of Urban Economics 64, 573–589.
[21] Mills, E. S. (1967). An aggregative model of resource allocation in a metropolitan area.
American Economic Review 57, 197–210.
[22] Mills, E. S. (1969). The value of urban land. In H. S. Perloff (Ed.), The Quality of the Urban
Environment, pp. 231–253. Washington, D.C.: Resources for the Future.
[23] Nelson, J. P. (1977, January). Accessibility and the value of time in commuting. Southern
Economic Journal 43(3), 1321–1329.
[24] Redfearn, C. L. (2007, May). The topography of metropolitan employment: identifying cen-
ters of employment in a polycentric urban area. Journal of Urban Economics 61(3), 519–541.
[25] Richardson, H., P. Gordon, M. Jun, E. Heikkila, R. Peiser, and D. Dale-Johnson (1990).
Residential property values, the CBD, and multiple nodes: further analysis. Environment and
Planning A 22(6), 829–833.
[26] Richardson, H. W. (1988, July). Monocentric vs. policentric models: the future of urban
economics in regional science. Annals of Regional Science 22(2), 1–12.
[27] Srour, I. R., K. M. Kockelman, and T. P. Dunn (2002). Accessibility indices: connecton to
residential land prices and location choices. Transportation Research Record: Journal of the
Transportation Research Board 1805, 25–34.
[28] Wachs, M. and T. G. Kumagai (1973, October). Physical accessibility as a social indicator.
Socio-Economic Planning Sciences 7(5), 437–456.
[29] Waddell, P. A., B. J. Berry, and I. Hoch (1993). Residential property values in a multinodal
urban area: New evidence on the implicit price of location. The Journal of Real Estate Finance
and Economics 7, 117–141.
17[30] Wheaton, W. C., M. S. Baranski, and C. A. Templeton (2007). 100 Years of commercial real
estate prices in Manhattan. Working Paper 08-02, MIT Department of Economics, Cambridge,
MA. Available at SSRN: http://ssrn.com/abstract=1107535.
18